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We show that the eletron-phonon oupling, λqν , in the transition-metal diborides NbB2 and
TaB2 is dominated by the longitudinal aoustial (LA) mode, in ontrast to the optial E2g
mode dominated oupling in MgB2. Our ab initio results, desribed in terms of phonon disper-
sion, linewidth, and λqν along Γ − A, also show that (i) NbB2 and TaB2 have a relatively weak
eletron-phonon oupling, (ii) the E2g linewidth is an order of magnitude larger in MgB2 than in
NbB2 or TaB2, (iii) the E2g frequeny in NbB2 and TaB2 is onsiderably higher than in MgB2,
and (iv) the LA frequeny at A for TaB2 is almost half of that of MgB2 or NbB2.
The disovery of superondutivity in MgB2 [1, 2℄ has
renewed interests [3, 4, 5, 6, 7, 8, 9, 10, 11℄ in nd-
ing superondutivity in similar materials suh as simple
metal diborides (BeB2, BeB2.75 [3℄), transition-metal di-
borides (NbB2 [4, 5℄, TaB2 [4, 6℄, MoB2 [7℄, ZrB2 [8℄),
boroarbides (LiBC [9, 10℄), and other alloys [11℄. Sur-
prisingly, many of the materials mentioned above have
not shown any superondutivity, those who are found
to superondut do so at a relatively low Tc < 10K,
and very likely, require hole doping and/or external pres-
sure to show superondutivity. For example, the reent
work of Yamamoto et al. [4℄ showing superondutivity
in hole-doped NbxB2 is a ase in point. Thus, of all the
diborides, MgB2 seems to be in a lass by itself with a
Tc = 39Kwhile all the other diborides have Tc < 10K.
Reent work onMgB2 [12, 13, 14, 15, 16, 17, 18, 19, 20℄
have unambiguously shown a very strong and anisotropi
eletron-phonon oupling in this system. In partiular, it
is found that eletron/hole states on the ylindrial sheets
of the Fermi surfae along Γ−A ouple very strongly to
the in-plane B − B bond strething E2g phonon mode
[15, 16, 17, 18, 19℄. The E2g phonon mode oupling
gives rise to partial eletron-phonon oupling onstant
λqν of the order of 2 − 3 [19℄. Suh a large partial λqν
along Γ − A results in a relatively high superondut-
ing transition temperature of 39K. Thus, the observed
dierenes in the superonduting properties of MgB2
vis-a-vis other diborides, speially the transition-metal
diborides, an be better understood by omparing the
eletron-phonon oupling along Γ − A in these systems.
Taking the ue, we have studied from rst priniples (i)
the phonon dispersion ωqν, (ii) the phonon linewidth γqν
[21℄, and (iii) the partial eletron-phonon oupling on-
stant λqν along Γ − A in MgB2, NbB2 and TaB2 in
P6/mmm rystal struture.
We have alulated the eletroni struture of
MgB2, NbB2 and TaB2 in P6/mmm rystal struture.
We used optimized lattie onstants a and c for MgB2
and NbB2 [20℄, and experimental lattie onstants (a =
5.826 a.u., c = 6.130 a.u.) for TaB2 whih are lose to
our optimized values of a = 5.792 a.u. and c = 6.143 a.u..
The lattie onstants were optimized using the ABINIT
program [22℄ based on pseudopotentials and plane waves.
For studying the eletron-phonon interation we used the
full-potential linear response program of Savrasov [23, 24℄
to alulate the dynamial matries and the Hopeld pa-
rameter, whih were then used to alulate the phonon
dispersion ωqν , the phonon linewidth γqν , and the par-
tial eletron-phonon oupling onstant λqν along Γ − A
in MgB2, NbB2 and TaB2.
Based on our alulations, desribed below, we nd
that (i) in ontrast to a strong and E2g-mode domi-
nated eletron-phonon oupling inMgB2, the transition-
metal diborides NbB2 and TaB2 have a relatively weak
eletron-phonon oupling whih is dominated by the lon-
gitudinal aoustial (LA) mode, (ii) the E2g phonon
linewidth is an order of magnitude larger in MgB2 than
in NbB2 or TaB2, and (iii) the E2g phonon frequeny
in NbB2 as well as TaB2 is onsiderably higher than in
MgB2 while the LA phonon frequeny at A for TaB2 is
almost half of that of MgB2 or NbB2.
Before desribing our results in detail, we provide some
of the omputational details. As indiated above, the
strutural relaxation was arried out by the moleular
dynamis program ABINIT [22℄ with Broyden-Flether-
Goldfarb-Shanno minimization tehnique using Troullier-
Martins pseudopotential [25℄ for MgB2 and Hartwigsen-
Goedeker-Hutter pseudopotentials [26℄ for NbB2 and
TaB2, 512 Monkhorst-Pak [27℄ k-points and Teter pa-
rameterization for exhange-orrelation. The kineti en-
ergy uto for the plane waves was 110Ry forMgB2 and
140Ry for NbB2 and TaB2. The harge self-onsistent
full-potential LMTO [23℄ alulations for eletroni stru-
ture were arried out with the generalized gradient ap-
proximation for exhange-orrelation of Perdew et al [28℄
and 484 k-points in the irreduible wedge of the Brillouin
zone. In these alulations, we used s, p, d and f orbitals
at the Mg and Ta sites, and s, p and d orbitals at the
Nb and B sites. The 2p state ofMg as well as the 5s and
5p states of Ta were treated as semi-ore states. In all
ases the potential and the wave funtion were expanded
up to lmax = 6. The mun-tin radii for Mg, B, Nb and
Ta were taken to be 2.4, 1.66, 2.3 and 2.5 atomi units,
respetively.
The alulation of dynamial matries and the Hopeld
parameters along Γ − A were arried out for 4 equidis-
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Figure 1: The phonon dispersion ωqν ofMgB2 (upper panel),
NbB2 (middle panel) and TaB2 (lower panel) for longitudinal
aoustial (solid irles onneted with full line) and optial
E2g (open irles onneted with dashed line) modes along Γ−
A, alulated using the full-potential linear response method
as desribed in the text. The lines onneting the points are
only a guide to the eye.
Table I: The phonon frequenies (in meV ) at Γ and A for
the E2g and the LA modes for MgB2 alulated using the
linear response method as desribed in the text as well as
from previous work.
ωΓ(E2g) ωA(E2g) ωA(LA)
Present work 78 72 40
Kong et al. [15℄ 73 71 38
Bohnen et al. [16℄ 71 63 39
Shukla et al. [19℄ 65 57 37
tant q-points for MgB2 and 7 equidistant q-points for
NbB2 and TaB2. For Brillouin zone integrations we used
a 12× 12× 12 grid while the Fermi surfae was sampled
more aurately with a 36×36×36 grid of k-points using
the double grid tehnique as outlined in Ref. [24℄. We
heked the onvergene of the relevant quantities by ar-
rying out Brillouin zone integrations using a 16× 16× 16
grid of k-points with Fermi surfae sampling done over
48× 48× 48 grid.
In Fig. 1 we show the phonon dispersion of MgB2,
NbB2 and TaB2 for LA and optial E2g modes along
Γ − A. For MgB2, a omparison of our alulations of
E2g and LA phonon frequenies at Γ and A points with
the previous alulations of Refs. [15, 16, 19℄ is given in
Table I. As expeted, our results are loser to the work
of Ref. [15℄. The dierene in the E2g phonon frequeny
at Γ, whih has been found to be very sensitive to the
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Figure 2: The phonon linewidth γqν of MgB2 (upper panel),
NbB2 (middle panel) and TaB2 (lower panel) for LA (solid
bar) and optial E2g (open bar) modes along Γ−A, alulated
using the full-potential linear response method as desribed
in the text. The phonon linewidth for the LA mode in MgB2
has been multiplied by a fator of 10 for larity.
strutural input and Brillouin zone integration [16℄, arises
due to the experimental lattie onstants used in Refs.
[15, 16, 19℄. The value alulated by Shukla et al. for
E2g phonon frequeny is somewhat lower. However, our
alulated frequeny for LA phonon mode at A is in good
agreement with previous alulations. We expet ωqν for
NbB2 and TaB2 to have similar auray.
In NbB2 and TaB2, the E2g phonon mode along Γ −
A has onsiderably stiened in omparison with MgB2.
The E2g frequeny in MgB2 hanges from 78 to 72meV ,
while forNbB2 and TaB2 it hanges from 110 to 107meV
and 108 to 105meV from Γ to A, respetively. The E2g
frequeny at Γ in TaB2, as alulated by Rosner et al.
[29℄, is 98meV. The LA phonon mode at A for TaB2
(22meV ) is almost half of that of MgB2 (40meV ) and
NbB2 (37meV ). Here, we like to point out that in the
present work the number of q points hosen along Γ−A
is not suient to say anything about the anomaly in the
aoustial mode.
The dierenes in the nature of eletron-phonon inter-
ation betweenMgB2 and the transition-metal diborides
NbB2 and TaB2 beome quite apparent if one onsiders
the eletron-phonon ontribution to the phonon lifetimes.
In the ase of MgB2, as shown by Shukla et al. [19℄,
the anharmoni eets [17, 18℄ make negligible ontribu-
tion to the the phonon linewidth . Thus, the anomalous
broadening of the E2g phonon linewidth along Γ−A un-
dersores the strength of the eletron-phonon oupling
for this partiular mode in MgB2 [19℄. To see what hap-
30
3
6
0
0.6
1.2
λ q
(ν
)
Γ A
q
0
1.2
2.4
MgB2
NbB2
TaB2
Figure 3: The partial eletron-phonon oupling onstant λqν
of MgB2 (upper panel), NbB2 (middle panel) and TaB2
(lower panel) for LA (solid bar) and optial E2g (open bar)
modes along Γ − A, alulated using the full-potential linear
response method as desribed in the text. The total eletron-
phonon oupling onstant λq (lined bar) is also shown.
pens in the transition-metal diborides, we show in Fig.
2 the phonon linewidths of MgB2, NbB2 and TaB2 for
LA and E2g modes along Γ− A. For MgB2, our alu-
lated γqν 's are in reasonable agreement with the results
of Ref. [19℄. Note that the values shown in Fig. 2 or-
respond to twie the linewidth. From Fig. 2, it is lear
that in MgB2 the eletron-phonon oupling along Γ−A
is dominated by the optial E2g phonon mode with a
maximum γE2g of 44meV , and that the LA mode plays
essentially no role. In ontrast, in NbB2 and TaB2 (i) the
linewidths are more than an order of magnitude smaller
than in MgB2, for example the maximum γE2g is only
about 4meV in TaB2 and (ii) the ontribution from the
E2g mode dereases from 4 to 2.8meV , while that due to
LA mode inreases from 0.02 to 1.5meV , as one moves
from Γ to A. The phonon linewidths of MgB2 and the
transition-metal diborides NbB2 and TaB2, as desribed
above, learly demonstrate the dierenes in the strength
and the nature of eletron-phonon interation in these
systems.
To see the strengths with whih the LA and the E2g
phonon modes ouple to the eletrons, we show in Fig.
3 the partial as well as the total eletron-phonon ou-
pling onstant (λq) along Γ − A for MgB2, NbB2 and
TaB2. Certainly, the most striking feature of these sys-
tems, as evidened in Fig. 3, is the overall strength of
the eletron-phonon oupling in MgB2 (λq ∼ 7.9) as
ompared to NbB2 (λq ∼ 1.5) and TaB2 (λq ∼ 2.5);
nevertheless the additional feature of E2g−dominated λq
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Figure 4: The onvergene of ωqν , γqν , and λqν at A in
the Brillouin zone for NbB2 as a funtion of k-points us-
ing the double-grid tehnique as desribed in the text. In
the present ase the four sets orrespond to 50 , 133, 133, and
270 irreduible k-points for the eletroni self-onsisteny and
793, 793, 2413, and 5425 irreduible k-points for the Fermi
surfae sampling, respetively.
in MgB2 giving way to LA-dominated λq in NbB2 and
TaB2 is just as striking. Thus, the eletron-phonon ou-
pling in the transition-metal diborides NbB2 and TaB2 is
essentially due to the LA mode (the transverse aoustial
mode makes some ontribution), the ontribution from
the E2g mode being insigniant. For TaB2, Rosner et
al. [29℄ also found λE2g = 0.05 at Γ, in agreement with
the present work. However, their [29℄ onlusion about
the strength of the eletron-phonon oupling in TaB2 is
erroneous beause it doesn't take into aount the on-
tributions from the aoustial modes properly. We also
note that, in our opinion [20, 30℄, the experimentally [31℄
dedued eletron-phonon oupling in NbB2 and TaB2
are underestimated. These dierenes in the eletron-
phonon oupling betweenMgB2 and the transition-metal
diborides NbB2 and TaB2 may help explain why MgB2
superonduts at 39K while NbB2 and TaB2 do not
show any superondutivity down to 2K.
Finally, in Fig. 4 we show the onvergene of ωqν ,
γqν , and λqν at A in the Brillouin zone for NbB2 as a
funtion of k-points using the double-grid tehnique as
outlined in Ref. [24℄. The use of double-grid tehnique
allows one to onstrut two separate but ommensurate
k-grids, one for the eletroni harge self-onsisteny and
the other for Fermi-surfae sampling. We employed 4 sets
of double grids (i) (8, 8, 8, 24), (ii) (12, 12, 12 ,24), (iii)
(12, 12, 12, 36), and (iv) (16, 16, 16, 48), where the rst
three numbers dene the eletroni self-onsisteny grid
and the last number sets up the Fermi-surfae sampling
4grid whih is ommensurate with the rst grid. We nd
that the results are onverged for the (12,12,12,36) grid
used in the present work.
In onlusion, we have studied from rst priniples (i)
the phonon dispersion, (ii) the phonon linewidth, and
(iii) the partial eletron-phonon oupling onstant along
Γ − A in MgB2, NbB2 and TaB2 in P6/mmm rystal
struture. We nd that (i) in ontrast to a strong and
E2g-mode dominated eletron-phonon oupling inMgB2,
the transition-metal diborides NbB2 and TaB2 have a
relatively weak eletron-phonon oupling whih is dom-
inated by the LA mode, (ii) the E2g phonon linewidth
is an order of magnitude larger in MgB2 than in NbB2
or TaB2, and (iii) the E2g phonon frequeny in NbB2 as
well as TaB2 is onsiderably higher than in MgB2 while
the LA phonon frequeny at A for TaB2 is almost half
of that of MgB2 or NbB2.
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